ABSTRACT
INTRODUCTION
Today, plastics materials are very frequent in daily life and provide a fundamental contribution to our society. The typical distribution of household plastics as a part of the overall solid waste stream is: polyolefins 66.9%, polystyrene 13.3%, PVC 10.3%, PET 5.3% and others 4.2%. Waste plastic ends its lifetime as municipal solid waste on the landfill [1] . Over the world plastic waste has continuously grown in the last decades. Disposal of waste plastics causes serious environmental problems. Thus, plastic waste recycling has been a focus of many researchers in the past few decades. Pyrolysis appears to be promising technic of conversion of solid wastes plastic (SWP) to more usable materials such as gas fuel and/or fuel oil or to high value feedstock for the chemical industry. Degradation of the waste plastic materials, by heating in an inert atmosphere-pyrolysis, is usually *Corresponding author: Karmina Miteva E-mail: karminamiteva@gmail.com Paper received: 20. 06. 2016. Paper accepted: 27. 08. 2016. Paper is available on the website: www.idk.org.rs/journal conducted at moderate temperatures between 400-800°C. Obtained products are volatile condensable hydrocarbon oil and a noncondensable high calorific value gas [2] . The dominant components of domestic plastics are rich in carbon and hydrogen so that there is a good possibility for converting waste plastic into liquid fuels [3] . The extent of reaction, oil yield, and its composition depend on the type of plastic and process conditions [4] . Thermal pyrolysis of plastic materials leads to a wide product distribution and requires high degradation temperatures [5] . During the cracking process of long polymer molecules the degradation of polymer chains can be enhanced by applying of various catalysts. The catalytic pyrolysis of plastic wastes gives valuable products similar to diesel and gasoline [6] . The most frequently used catalysts are zeolites and mesoporous materials because of their porous structure and acid properties [7] . In the case of the polyolefin catalytic cracking like HDPE and PP a number of acid porous solids, such as amorphous silica-alumina, zeolites and ordered mesoporous materials, have been used as catalysts [5] [6] [7] . The used catalysts have high conversion effect over the plastic wastes at lower temperature and decrease the activation energy [8] . Many researchers studied the catalytic degradation of polymer wastes in the last decades. The addition of catalyst is expected to reduce decomposition temperature and to modify the products. Different types of reactors has been used for pyrolysis of waste plastic like, batch [9] or autoclaves [10] semi-batch [11] , screw conveyors or fluidized beds [12] and fixed beds [13] , shaft kilns or rotary kilns [14] . Most studies are carried out in beds or batch processes where all products are collected as a single sample, and subsequently analyzed. Often focus of the studies is effect of experimental conditions (reaction temperature and time) on product yield and composition [14, 15] , but others are focused on characterization of obtained products.
The aim of this work is catalytic conversion of high density polyethylene (HDPE) and polypropylene (PP) waste mixture into liquid products that could be used as fuel and feedstock for chemical industries. The process of pyrolysis was carried out in the presence of mixture Al 2 O 3 and SiO 2 catalysts using a semi-batch reactor. Emphasis will be given to high conversion of waste plastic to liquid products. Different amounts of catalysts and polyolefin mixture were used (Table  1 ). The physical properties of obtained liquid products also were determinate.
EXPERIMENTAL

Materials
Waste mixture of polyethylene and polypropylene was used as a raw material. The plastic mixture (75% PE and 25% PP, assigned as RW in further text), was supplied by a plastic recycling company in the form of post-consumer plastic pellets. The samples were re-granulated by manufacturers. The polymer mixture pellets have maximum particle size of 5-6 mm. 
Experimental Setup
All catalytic degradation experiments of waste polyolefin mixture (RW) were carried out in a stainless steel semi-batch reactor with 400 mL volume which was equipped with temperature measurement system. Different amounts of plastic waste mixed with catalyst were placed into a reactor. The reaction system was closed at atmospheric pressure and then the heater was switched on. The pyrolysis was carried out from 18 o C to maximum of 550 o C for around 3 h. The pyrolytic experiments were carried out under dynamic conditions using 10 o C/min heating rate and different retention time on previously set temperature program. The temperature was control using PID (Unitronics V570) temperature controller. The obtained vaporized products from reactor were collected through a deep stainless pipe that reached down to the bottom of the semi-batch reactor afterwards being let out to a system of condensers in order to condense the condensable products. A glass condensers were connected tightly to the reactor to cool the condensing vapors from the reactor. Dynamic of pyrolysis process was monitored by time measuring the volume of collected oil. Obtained liquid products were collected into condensers and then were analyzed. Almost all condensable products were collected at the first condenser. Depending of operating conditions, sometimes in the second condenser was observed occurrence of condensate. The condensed liquid products appear over 410 o C. according to the previous made TGA analysis [16] . The TGA-DTG analysis showed that maximum weight lost occurred at 430 o C and the weight changes start at 310 o C to 500 o C. The purpose of using two different PID programs was to find out a suitable program for maximum production of liquid product.
RESULTS AND DISCUSSION
From the aforementioned comparison the dependence of obtained liquid yield with retention time at set temperatures in the cracking temperature interval is evident. A higher liquid yield is obtained using second (No 2) PID temperature program. According to that finding the most important thing is proper choice of PID program. This means a long enough retention time into a cracking temperature interval in order to complete the cracking of long molecules of plastic polymer to smaller molecules of hydrocarbons with range of C5-C16 (the range of petroleum fuels, diesel and gasoline). 
Figure 1 -Temperature program of PID controller
The same finding is observed for samples when the initial mass increase but the liquid yield decreased if it is the first PID program. The liquid yield is higher for samples which are decomposed using the second temperature program regardless of initial mass of sample or catalyst (Table 1) Some of physical properties of oil sample measured according to specified ASTM test method are shown in Table 2 . From above observation, it is clear that the waste plastic is able to give the liquid products which are with the same values of physical parameters as gasoline or kerosene fuels. The operating conditions are related with physical properties of obtained liquid fuel. As we can see from Table 2 the lower values of all physical properties was measured for samples 2 and 4 produced using second temperature program, which confirms the previous conclusion about temperature program and retention time. Also, these results confirm that different PID programs give various products, gasoline or diesel fractions. 
CONCLUSION
From this research work, it is clear that the waste plastic is able to give the high yield (77-88%) of liquid product by using semi-batch reactor. The produced oil product easily can be fractionated into gasoline, petrol or kerosene. 
